ST25 is a key acupoint used in the treatment of ulcerative colitis by moxibustion stimulation, but the biophysical mechanism underlying its effects is still unknown. The aim of the present study was to explore the biophysical properties of ST25 acupoint stimulated by moxibustion in a rat model of ulcerative colitis. The infrared radiation intensity of fourteen wavelengths of ST25 showed significant differences between the normal and model control groups. The intensity of infrared radiation of forty wavelengths showed significant differences compared with the corresponding control points in normal rats. The intensity of infrared radiation of twenty-eight wavelengths showed significant differences compared with the corresponding control points in model rats. The intensity of infrared radiation of nine wavelengths in the herb-partition moxibustion group, eighteen wavelengths in the ginger-partition moxibustion group, seventeen wavelengths in the garlic-partition moxibustion group, and fourteen wavelengths in the warming moxibustion group of the left ST25 showed significant differences compared with that of the model control group. For the right-hand-side ST25, these values were 33, 33, 2, and 8 wavelengths, respectively. This indicated that one possible biophysical mechanism of moxibustion on ST25 in ulcerative colitis model rats might involve changes in the intensity of infrared radiation of ST25 at different wavelengths.
Introduction
The human body is a biological heater that emits infrared rays. Infrared rays can be easily absorbed by objects and penetrate deep into the tissues, where they are transformed into internal energy. The human body is both a source and absorber of infrared radiation [1, 2] . The reported research indicates a significant difference between the infrared radiation patterns of healthy persons and ill ones [3] [4] [5] . Infrared radiation can be absorbed if acupuncture points are stimulated by moxibustion [6, 7] .
Moxibustion is a reputable alternative and complementary therapy with a history of use in eastern countries spanning many thousands of years. Its therapeutic effects depend on meridians and acupoints of the human body [8] [9] [10] [11] . Over the past few years, research teams have used thermal infrared imaging to study the patterns of infrared radiation on the surface of the human body along the meridian channel [12, 13] . Studies have found that the infrared radiation spectra of the acupuncture points specifically related to disease changes under disease conditions. In certain morbid conditions of the human body, the infrared radiation of acupoints can differ significantly on the heart meridian and pericardium meridian in patients with coronary artery diseases [14] [15] [16] . Patients with chronic stomachaches are distinguished by the patterns of infrared 2 Evidence-Based Complementary and Alternative Medicine radiation at the stomach Shu (BL21) and Zusanli (ST36) acupoints [17, 18] . Studies have shown a correlation between the meridians and viscera, and the meridian function is closely related to infrared transmission inside and outside of human body [19, 20] . Research has shown that the radiation spectra of moxibustion with ginger, garlic, and monkshood cake were identical to those of healthy human bodies but different from those of bodies subjected to moxa-moxibustion [21] . The acupoints and their infrared resonance radiation patterns have been shown to play an important role in indirect moxibustion stimulation [22, 23] . This indicates that there may be an internal link between moxibustion, acupoints, and meridians that involves infrared transmission.
Tianshu (ST25) points are key acupoints in stomach channel of foot yangming, and moxibustion is an intrinsic part of traditional Chinese medicine (TCM). In clinical practice, acupuncturists apply moxibustion at the specific acupuncture points to treat the corresponding diseases of the viscera; this treatment has been shown to be effective. Research has indicated that moxibustion can modulate gastrointestinal functions [24] . Acupuncture and moxibustion at ST25 can alleviate symptoms and improve quality of life in patients with ulcerative colitis (UC) [25] [26] [27] . They have also been shown to improve immune function in UC model rats [28] [29] [30] . Our previous study indicated that both Hegu (LI4) and Shangjuxu (ST37) involve changes in infrared radiation spectra in UC patients with intestinal lesions [31] . However, the biophysical mechanism of ST25 stimulated by moxibustion in UC remains unknown.
The present study was performed to establish an UC model in rats, to investigate the intensity of infrared radiation of ST25 stimulated by moxibustion, and to explore the biophysical properties of ST25 acupoint in UC model rats.
Materials and Methods

Experimental Animals and Model Establishment.
Sixty male Sprague-Dawley (SD) rats (weighing 140 ± 20 g) were obtained from the Experimental Animal Center of Shanghai University of Traditional Chinese Medicine. Five male rats were housed in a cage at room temperature (22 ± 2
• C) and 60 ± 5% humidity. All rats were performed in strict accordance with the National Institutions of Health Guide for the Care and Use of Laboratory Animals. This study was approved by the Ethics Committee of Yueyang Hospital, which is affiliated with Shanghai University of Traditional Chinese Medicine, China. After three days, the 60 rats were randomly divided into the following experimental groups: normal (n = 10), model (n = 10), herb-partition moxibustion (HPM) (n = 10), ginger-partition moxibustion (GPM) (n = 10), garlic-partition moxibustion (GLM) (n = 10), and warming moxibustion (WM) (n = 10).
The UC rat model was established using an immunological method and local stimulation [32] . In brief, fresh human colonic mucosa was obtained from surgical colonic specimens, homogenized in normal saline, and centrifuged for 30 min at 3000 rpm. The supernatant, containing antigens released from colon of UC patients, was diluted to an appropriate protein concentration and mixed with Freund's adjuvant (Shanghai Chemical Reagent Company, Shanghai, China). One milliliter of the antigen-adjuvant mixture containing a total of 6 mg protein was injected into the front footpad of each rat on day 0. After this initial dose, the same mixture was then injected into the rear footpad, dorsa, inguina, and abdominal cavities on days 10, 17, 24, and 31, respectively. On day 38, in order to stimulate the colonic immune response, rats were anesthetized intraperitoneally with 2% pentobarbital sodium (30 mg/kg) and a 3 mL enema of 3% formalin was administered for 1 hour, then washed with saline, and a 2 mL enema of antigen fluid (without Freund's adjuvant) lasting 2 hours was performed. One rat in model group died of intestinal perforation.
The establishment of the UC rat model was confirmed using hematoxylin-eosin(HE) for pathological observation.
Moxibustion Stimulation.
After the UC model was established in the rats, four moxibustion stimulations were performed during days 39-46 in the moxibustion groups, and anesthesia was not applied. Rat holders (Beijing Jinuotai Technology Development Co., Ltd. China) were used to hold the animals in position.
HPM (n = 10): as indicated in Figure 1 , moxa cones ( Figure 1A ) (0.5 cm in diameter and 0.6 cm high) (Nanyang Hanyi Moxa Co., Ltd. China) were placed vertically on a medicinal formula (diameter 0.5 cm, height 0.3 cm) composed of radix aconite, cortex, radix, carthami, and salviae miltiorrhizae ( Figure 1B ). The medicinal formula was then placed on ST25 acupoints [33, 34] . The moxa cones were then ignited, and each acupoint was treated twice lasting 15 min. GPM (n = 10): as indicated in Figure 1 , moxa cones were placed vertically on a fresh ginger (diameter 0.5 cm, high 0.3 cm) instead of medicinal formula ( Figure 1B ). The fresh ginger was then placed on ST25 acupoints. The moxa cones were then ignited, and each acupoint was treated twice lasting 15 min. GLM (n = 10): as indicated in Figure 1 , moxa cones were placed vertically on a fresh garlic (diameter 0.5 cm, height 0.3 cm) instead of medicinal formula ( Figure 1B ). The fresh garlic was then placed on ST25 acupoints. The moxa cones were then ignited, and each acupoint was treated twice lasting 15 min. WM (n = 10): as indicated in Figure 2 , the moxa stick ( Figure 2A ) (diameter 0.5 cm, length 20 cm) was ignited and hung 2 cm above the ST25 acupoints ( Figure 2B ). Each acupoint was treated once for 10 min.
NC (n = 10): no treatment. The same fixation as the moxibustion groups was administered.
MC (n = 10): no treatment. The same fixation as the moxibustion groups was administered.
All treatments were repeated once daily for a total of 14 d [35] . 
Morphological Observation of Colon
Samples. After the infrared measurements finished, all rats were killed by cervical dislocation. The samples were collected from the descending colon (5 cm above the anus) and cleaned with normal saline. General morphology was then assessed and scored. The samples were fixed in 10% formalin, dehydrated, embedded in paraffin, and sectioned into 4 μm thick slices. These sections were then stained with hematoxylin-eosin for pathological observation [36] .
Detection of the Intensity of Infrared Radiation.
A hypersensitivity PHE201 infrared spectrum analyzer was used to detect the intensity of infrared radiation on bilateral ST25 and negative control points (0.5 cm from ST25) of experimental rats. The 59 measurement wavelengths range from 1.5-16 μm [1, 22] .
In the morning of the next day after moxibustion treatments finished, all rats were brought into a darkroom. None were anesthetized. The room was maintained at 22 ± 3
• C room temperature and 55 ± 10% humidity and it had no obvious airflow, strong noises, or electromagnetic fields. Thirty minutes later, the acupoints were defatted using 75% alcohol. An analyzer probe (diameter 3 mm) ( Figure 3 ) was gently placed on the acupoints. The analyzer was initialized to scan the wavelengths from 1.5 to 6 μm. The analyzer automatically recorded the intensity of infrared radiation at a total of 59 detection points every 0.25 μm.
Statistical Analysis.
All data were analyzed using SPSS 11.0 statistical software (SPSS Inc., USA). All data are expressed as mean ± SD for normally distributed continuous variables. Rank-sum testing was used to compare the four moxibustion groups with normal and model control groups. The pairing rank-sum test was used to compare the rightand left-hand-side acupoints. P < 0.05 was considered statistically significant. [37] . As shown in Figure 4 , the NC group showed complete colonic mucosa epithelium and regular colonic gland with inconspicuous inflammatory cell infiltration. The colonic mucosa and mucosa villi were damaged or missing in the UC model group, and large numbers of mononuclear cells and macrophages appeared in the mucosa or submucosa.
Results
Morphological Observation of UC Rat Model
There was also more congestion, edema, and ulceration than in the normal group. However, moxibustion stimulation with herbs, ginger, garlic, and moxa sticks decreased the inflammatory cell infiltration and improved the condition of the colonic mucosa and mucosa villi. Only slight submucosal edema and inflammatory cell infiltration were observed in the treated groups, and the colonic mucosa epithelium and the colonic gland were more regularly arranged in all treated groups except the mild moxibustion group than in the model group. New epithelial cells were observed, covering the ulcers. This indicates that moxibustion treatment can inhibit inflammatory cell infiltration under UC conditions and induce recovery of these ulcers in the colon tissue.
Infrared Spectrum Characteristic of ST25 and Control
Points. Each curve showed the average infrared radiation of ST25 in rats from each group. The intensity of infrared radiation of ST25 showed significant individual and intergroup differences, but each group showed the same spectral peak. The first peak value appeared at about 10 μm, and the second, which was weaker than the first, appeared at about 13.75 μm. (Table 1) . NC group rats showed significant differences in the intensity of infrared radiation of the left ST25 and control point at 4.00, 4.75, 5.00, 5.50, 6.25, 6.50, 6.75, 15.50, and 16.00 μm (P < 0.05) and extremely significant differences at 5.25 μm (P < 0.01). On the right side, the intensity of infrared radiation of ST25 differed Table 1 : Intensity of infrared radiation of ST25 and the control points in normal rats (mean ± SD). (Table 2 ). In MC group rats, the intensity of infrared radiation showed significant differences across the left ST25 and control point at 1. .00, 9.25, 9.50, and 10.00 μm (P < 0.01). However, there was no difference between the intensity of infrared radiation at the left and right ST25. (Table 3 ). There were significant differences in the intensity of infrared radiation of the left ST25 between the NC and the MC groups at 3.00, 3.75, 4.75, 5.75, 6.00 μm (P < 0.05) and at 2.50, 2.75, 5.25 μm (P < 0.01). After different types of moxibustion stimulation, the intensity of infrared radiation of the left ST25 of the HPM group was significantly different from that of the MC group at 2.50, 3.00, 10.25, 10.50, 11.00, 11.25, and 11.50 μm (P < 0.05) and very significantly different at 2.75 and 10.75 μm (P < 0.01). The differences between GPM group and MC group were significant at 2. For the intensity of infrared radiation of left ST25, eight wavelengths showed a statistically significant difference between the NC and MC groups. After moxibustion stimulation, there were 9 wavelengths in the HPM group, 18 wavelengths in the GPM group, 17 wavelengths in the GLM group, and 14 wavelengths in the WM group that showed statistically significant differences from the MC group. (Table 4 ). The intensity of infrared radiation of the right ST25 showed significant differences between the NC and MC groups at 1.75, 4.00, 4.25, and 4.75 μm (P < 0.05) and at 2.75 and 3.00 μm (P < 0.01).
Intensity of Infrared Radiation at ST25 and Control Points in Normal Rats
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Intensity of Infrared Radiation at ST25 and Control Points in UC Model Rats
Intensities of Infrared Radiation of the Left ST25 after Different Moxibustion Stimulations
Intensity of Infrared Radiation of the Right ST25 after Different Moxibustion Stimulations
After different types of moxibustion stimulation, the intensity of infrared radiation of the right ST25 of the HPM group was significantly different from that of the MC group at 2. 25 14 .00, 14.25, and 14.50 μm (P < 0.01). The differences between the GLM group and MC group were significant at 3.00 and 8.25 μm (P < 0.05). The intensity of infrared radiation of the right ST25 in the WM group and MC group was significantly different at 1.75, 3.00, 10.25, 10.50, 10.75, 11.00, and 14.00 μm (P < 0.05) and very significantly different at 2.75 μm (P < 0.01).
For the intensity of infrared radiation of the right ST25, 6 wavelengths showed a statistically significant difference between the NC and MC groups. After moxibustion stimulation, 33 wavelengths in the HPM group, 33 wavelengths in the GPM group, 2 wavelengths in the GLM group, WL: wavelength, NC: normal control group, MC: model control group, HPM: herb-partition moxibustion, GPM: ginger-partition moxibustion, GLM: garlicpartition moxibustion, WM: warming moxibustion. The intensity of infrared radiation of the left-hand-side ST25 showed significant differences between normal rats and model rats ( * P < 0.05, * * P < 0.01). After moxibustion stimulations, the intensity of infrared radiation of ST25 in moxibustion groups were significantly different from those of the model groups ( Δ P < 0.05, ΔΔ P < 0.01).
and 8 wavelengths in the WM group showed statistically significant differences from the MC group.
Discussion
In traditional Chinese medicine, acupoints are the points of infusion and transmission of qi and blood of viscus and meridians onto the surface of the human body and the windows of connection between the human body and its surroundings. In this way, infrared radiation and the transmission characteristics of acupoints can indicate the state of infusion of qi and blood and of the body's physiological response to pathological changes in the visceral organs. Traditional Chinese medicine, which includes moxibustion, has been developing for more than 2500 years, and it has a long history of being used to prevent and treat diseases in Eastern cultures. Moxibustion therapy is a stimulation of acupoints by the burning of moxa. Moxibustion therapy includes both direct moxibustion and indirect moxibustion. Indirect moxibustion is a relatively common clinical therapy, and it includes herb-partition moxibustion, ginger-partition moxibustion, garlic-partition moxibustion, and other types of moxibustion. Moxibustion, through its warming effect and medicinal properties, improves the flow of both qi and blood through the acupoints and meridians, regulating the functions of viscus and organs to prevent and treat illnesses. Studies have indicated that moxibustion therapy can improve human immunity and regulate digestive function [24, 26, 38] . However, the biophysical mechanism underlying moxibustion and the role of acupoints in this process are unknown.
Several studies have indicated that infrared radiation is natural on the surface of the human body [39] [40] [41] . Ever since French scientist J. Borsarello photographed the infrared thermogram to show meridians and acupoints in human body in 1970, researchers at home and abroad have carried out many studies regarding the infrared thermography characteristics of the human body. Progress has been made on the meridian phenomenon, the characteristics of acupoints, acupuncture technique, and the therapeutic effects of acupuncture. Research has shown that the body emits infrared radiation along specific tracks and that acupuncture may cause changes in skin temperature [42] [43] [44] [45] [46] [47] [48] . Reinforcing acupuncture techniques can increase skin temperature and reducing methods can decrease skin temperature [49] [50] [51] [52] [53] [54] [55] . The duration of retaining needle and the warming effects of acupuncture has certain relation [56] . The body may experience acupoint temperature imbalances during pathologic states [57] . However, the human body shows individual differences with respect to infrared radiation, and the infrared radiation is readily influenced by physiological factors such as sweating and nervousness and by environment factors such as atmospheric convection. In this way, data concerning skin temperature and changes in it are questionable and cannot alone be used to determine the mechanism underlying acupoint infrared radiation.
In the theory of traditional Chinese medicine, the Tianshu (ST25) acupoint is located at the stomach channel of foot yangming. It is the frontmost Mu point of the large intestine channel of hand yangming and the hub of ascending lucidity and descending turbidity in the human body. It can recruit qi and blood along the stomach channel and transmit both to the large intestinal channel. Therefore, ST25 is closely related to the gastrointestinal tract for the regulation of gastrointestinal function [33, 58] . Because it has antidiarrheal and cathartic effects, it is used to treat gastrointestinal diseases in clinic practice. Previous studies have indicated that ST25 plays an important role in the treatment of gastrointestinal diseases [59] [60] [61] [62] [63] [64] . Acupuncture and moxibustion stimulation at ST25 can activate mast cell degranulation and downregulate colonic epithelial cell apoptosis in colitis model rats [59, 60] . They have also been shown to have analgesic effects in rats subjected to chronic visceral hypersensitivity [61, 62] . They regulate gastrointestinal function in human patients [63, 64] . In the present study, the intensity of infrared radiation of bilateral ST25 and the control points in UC rats were measured using a hypersensitivity PHE201 infrared spectrum analyzer [1, 22] . Results indicated that the intensities of infrared radiation of ST25 in the NC and MC groups differed from control points and that the difference on the right side was more marked than on the left side. However, there was little difference between the right and left ST25. This indicated the specificity of ST25 acupoint relative to control points. The intensities of infrared radiation of ST25 showed differences garlic-partition moxibustion, WM: warming moxibustion. The intensity of infrared radiation of right-hand-side ST25 showed significant differences between normal rats and model rats ( * P < 0.05, * * P < 0.01). After moxibustion stimulations, the intensity of infrared radiation of ST25 in moxibustion groups was significantly different from that of model groups ( Δ P < 0.05, ΔΔ P < 0.01).
between the NC and MC groups and between the HPM and MC groups. However, further research must be performed using larger samples. Some studies have indicated that the near-infrared radiation from the moxa moxibustion burning process can energize hydrogen bonds inside the acupoints and allow them to absorb the stimulated resonance. They would then transmit energy to the cells through the nervefluid system [38] . This also showed that moxibustion stimulation could improve the condition of colon tissue in UC model rats, indicating that the infrared radiation of acupoints and moxibustion treatment has a biophysical foundation. Other studies have reported that the infrared radiation spectra of radix aconite-partition moxibustion and acupoints are amazingly consistent. The therapeutic effects of indirect moxibustion include the physical effects of moxibustion thermal radiation, the therapeutic effect of moxa and partition, and the resonance of the infrared radiation of indirect moxibustion and acupoints [65, 66] .
Conclusion
Acupoints are specific, and moxibustion, especially thingpartition moxibustion, can regulate the running state of both qi and blood in acupoints. In this way, they can be used to treat illness by influencing the infrared physical effect of the corresponding acupoints. An in-depth study of these effects would reveal the biophysical properties of these acupoints, the pathologic characteristics of UC, and the biophysical mechanisms underlying the therapeutic effects of moxibustion. It may also provide new research methods that can be used to diagnose illness and explore the effects of acupuncture and moxibustion stimulation.
